We report here the first evidence in an invertebrate, the oyster Crassostrea gigas, of a phenomenon of Presence-Absence Variation (PAV) affecting immune-related genes. We previously evidenced an extraordinary interindividual variability in the basal mRNA abundances of oyster immune genes including those coding for a family of antimicrobial peptides, the big defensins (Cg-BigDef). Cg-BigDef is a diverse family composed of three members: Cg-BigDef1 to -3. Here, we show that besides a high polymorphism in Cg-BigDef mRNA expression, not all individual oysters express simultaneously the three Cg-BigDefs. Moreover, in numerous individuals, no expression of Cg-BigDefs could be detected. Further investigation at the genomic level revealed that in individuals in which the transcription of one or all Cg-BigDefs was absent the corresponding Cg-bigdef gene was missing. In our experiments, no correlation was found between Cg-bigdef PAV and oyster capacity to survive Vibrio infections. The discovery of P-A immune genes in oysters leads to reconsider the role that plays the immune system in the individual adaptation to survive environmental, biotic and abiotic stresses.
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Genomic DNA isolation 121
Genomic DNA (gDNA) was isolated individually as previously described (Schmitt et 122 al., 2010). Briefly, 50-100 mg of oyster powder were incubated overnight at 55°C in 500 µl of 123 DNA extraction buffer (100 mM NaCl, 10 mM Tris-HCl pH 8, 25 mM EDTA pH 8, 0.5% 124 SDS, 0.1 mg/ml protease K). Following a step of phenol/chloroform extraction, gDNA 125 samples were precipitated by addition of cold ethanol and treated with 50 µg/ml RNase A 126 (Invitrogen) for 30 min at 37°C to eliminate contaminating RNA. Quantification and quality 127 of gDNA samples were assessed by spectrophotometry (NanoDrop ND-1000 Thermo 128 Scientific) and 0.8% agarose gel electrophoresis, respectively. 129 130
Total RNA extraction and cDNA synthesis 131
Total RNA was extracted individually by using TRIzol ® reagent (Invitrogen) according 132 to the manufacturer's instructions. RNA samples were then treated with DNase I (Invitrogen) 133
for 15 min at room temperature to eliminate contaminating genomic DNA. After DNase I 134 inactivation (10 min at 65°C), samples were precipitated with 0.3 M sodium acetate. RNA 135 amount and quality were assessed by spectrophotometric analysis and the integrity of total 136 RNA was analyzed by 0.8% agarose gel electrophoresis. 137
Following heat denaturation (70°C for 5 min), reverse transcription was performed 138 using 250 ng of purified total RNA with 50 ng/µl oligo(dT) [12] [13] [14] [15] [16] [17] [18] Table 1 . PCR 145 cycling conditions were as follows: polymerase activation at 95°C for 10 min, followed by 14 146 cycles of 95°C for 15 s and 60°C for 4 min. Preamplification products were diluted to 1:5 in 147 TE buffer (10 mM Tris, 1 mM EDTA, pH 7.5) and stored at -20°C. 148 149
High-throughput RT-qPCR using 96.96 microfluidic dynamic arrays 150
The relative gene expression was measured by using the high-throughput microfluidic 151 The cycling program used consisted of 10 min at 95°C followed by 40 cycles of 95°C 162 for 15 s and 1 min at 60°C. Melting curves analysis was performed after completed RT-qPCR 163 collecting fluorescence between 60-95°C at 0.5°C increments. Data were analyzed using the 164 
RT-qPCR platform

Sequence data analysis 183
Obtained sequences were analyzed for similarities using BLASTX at the National 184
Center for Biotechnology Information (NCBI; http://www.ncbi.nlm.nih.gov). The multiple 185 alignments were generated by using the ClustalW2 Multiple Alignment Program (ClustalW2; 186 http://www.ebi.ac.uk/Tools/msa/clustalw2/). The phylogenetic analyses based on the full-187 length cDNA and genomic sequences of C. gigas big defensins were performed using the 188 Neighbour-Joining method with the software MEGA version 4 (Tamura et al., 2007) . 189
Bootstrap sampling was reiterated 1,000 times. ( Fig. 1; Fig. 2A) . Besides, the three Cg-BigDef forms were never found to be simultaneously 204 expressed among the 163 oysters analyzed ( Cg-BigDef form ( Table 1) . 209
More surprisingly, among the 163 oysters, 39 did not express any Cg-BigDefs (Table  210 2). This lack of expression was further confirmed by RT-qPCR analyses using two universal 211 primer pairs common to all Cg-BigDef sequences. As a control to these RT-qPCR analyses, 212 the expression of three reference genes (Cg-rpl40, Cg-ef1α and Cg-rps6) was found to be 213 uniform across all tested individuals (Appendix A). These results evidenced a high 214 interindividual variability in gene expression of C. gigas big defensins, including cases where 215 their basal expression is fully absent in some individuals. In light of the degree of polymorphism in gene expression observed for Cg-BigDefs, we 220 further investigated the relationships between the expression and presence of the three Cg-221 bigdef genes in 23 individuals from which we have extracted both mRNA and gDNA. 222
Detection of transcripts was performed by RT-qPCR and detection of corresponding genes by 223 conventional PCR with specific primer pairs for each form ( Table 1 ). The expression profiles 224 obtained for these 23 individuals confirmed the high variability in basal expression levels 225 observed above by high-throughput RT-qPCR analyses ( Fig. 2A; Appendix A) . Figure 2B  226 shows the amplification of Cg-bigdef genes in ten individual oysters which are representatives 227 of the 23 oysters analyzed. Interestingly, genes encoding a given Cg-BigDef were only 228 amplified in individuals expressing the corresponding form at basal levels ( Fig. 2B) . The 229 accuracy of these results was further confirmed by using an additional primer pair specific for 230 the different Cg-bigdefs and two universal primer pairs (common to all forms). Besides, as a 231 control of the integrity of extracted gDNA samples, Cg-ef1α gene was successfully amplified 232 in all oysters analyzed (Fig. 2B) . 233 234
Cg-BigDef forms are likely encoded by three distinct genes 235
We performed an exhaustive gDNA and cDNA cloning and sequencing of the Cg-236 bigdefs from four individuals expressing one or two forms, first to ensure the authenticity of 237 the PCR amplifications but also to gain insights into the genomic organization of the big 238 defensin family. We sampled one individual that transcribed simultaneously Cg-BigDef1 and 239 -2 as well as one individual that was shown to transcribe both Cg-BigDef1 and -3. Two 240 additional individuals expressing only Cg-BigDef2 or -3 were also sampled. Both gene and 241 cDNA sequences were obtained from these four individuals where the Cg-BigDefs were 242 detected at the level of transcripts and genes. The obtained sequences were deposited in 243
GenBank under the accession numbers JN251121 to JN251132. 244
Multiple alignments of the Cg-BigDef gDNA and cDNA sequences obtained in single 245 individuals confirmed that each oyster big defensin form is transcribed by a separated gene. 246
Indeed, whereas Cg-bigdef1 and Cg-bigdef2 genes included two exons interrupted by a single 247 intron, an additional intron and exon were observed in Cg-bigdef3 upstream the first exon 248 common to the other Cg-bigdef genes (Fig. 3) . Interestingly, in one individual in which both 249
Cg-BigDef1 and -2 were expressed, two different Cg-bigdef1 sequences were identified in 250 addition to the Cg-bigdef2 gene (Fig. 4) . In this oyster, the Cg-bigdef1 genes differed in the 251 length of the intron sequence and by the presence of two nucleotide substitutions (Fig. 4) . 252
Moreover, for the other individuals analyzed, single nucleotide polymorphisms (SNP) were 253 found between transcripts and genes, which was evocative of two different alleles of a same 254
Cg-bigdef gene. Thus, each Cg-bigdef would correspond rather to a distinct gene than to 255
alleles from a same Cg-bigdef locus. 256
Sequence analysis revealed that, for each Cg-bigdef gene, the length of exons was well 257 conserved among individuals whereas the introns lengths were variable. According to 258 individuals, SNP were identified in both intron and exon sequences for a same Cg-bigdef 259 gene. Additionally, introns from all Cg-bigdef genes included some microsatellite sequences 260 (such as CTAT, CT and CA) and the canonical GT/AG splice site junctions (Fig. 3) . The 261 intron sequences of Cg-bigdef3 appeared to differ considerably in both length and nucleotide 262 composition from those of Cg-bigdef1 and Cg-bigdef2 genes (Fig. 3) . 263
A phylogenetic tree was built with the nucleotide sequence of six Cg-bigdef gene 264 sequences obtained here and with Cg-bigdef gene sequences previously deposited in GenBank 265 (Rosa et al., 2011). In this tree, Cg-bigdef1 and Cg-bigdef2 genes clustered in a same clade 266 distinct from the Cg-bigdef3 gene (Fig. 5 ). An additional phylogenetic tree constructed from 267 cDNA sequence data confirmed that Cg-BigDef1 and Cg-BigDef2 forms are more related to 268 each other than to Cg-BigDef3 (Fig. 5) BigDef3 or all three Cg-BigDefs were found in both S and NS phenotypes ( Table 3) . No 295 significant differences were found in the detection of Cg-BigDefs according to the S and NS 296 phenotypes, namely according to the oyster capability to survive virulent Vibrio infections 297 (p>0.05). Additionally, no significant differences in basal gene expression levels of the three 298
Cg-BigDefs were found between individuals from both survival capacity phenotypes. 299 300
Discussion 301
Taking advantages of the development of high-throughput genomic technologies, we 302 When analyzing the heterogeneity of transcription profiles of the big defensins, we 316
showed that no expression was detected in some oysters and that the lack of basal expression 317 was likely associated to the absence of the corresponding encoding sequences at the genome 318 level. Such results highlight structural variations in oyster genomes and particularly gene 319 Here, we have improved also knowledge about oyster big defensin diversity by the 334 identification of novel variants for each Cg-BigDef form. Interestingly, in single individuals, 335 we evidenced the presence of different variants for a same Cg-bigdef gene, suggesting the 336 presence of different isoforms of a given Cg-BigDef in a same oyster. Likewise, the human 337 DEF locus has been shown to be highly variable among individuals (Taudien et al., 2004) . 338
Variations in the human DEF locus include the presence of different alleles for a same DEF 339 gene, and both CNV and PAV phenomena. 340 PAV appeared to concern all Cg-bigdefs but more particularly the constitutively 341 expressed Cg-bigdef3 gene that was recorded in less than 13% of the analyzed oyster 342 population. Importantly, since we sampled animals from a same oyster hatchery, we cannot 343 presume that the obtained frequency distribution of Cg-bigdef genes is representative of 344 natural oyster populations or representative of the species. The three Cg-BigDefs were never 345 seen simultaneously expressed in a single oyster, probably due to the relatively limited oyster 346 sampling size. Indeed, based on the occurrence frequency of the three Cg-bigdefs in this 347 oyster population, the probability of one individual carrying the three loci was calculated to be 348 less than 2%. Any of the three big defensin forms were detected in 23.9% ( assumed that PAV can also affect these effectors in oysters. 368
To date, intraspecific variations in gene contents such as PAV have never been reported 369 in oysters and any other non-model invertebrate species, probably because few genome 370 sequences are available. Indeed, whole C. gigas genome has been recently sequenced from 371 one individual (Zhang et al., 2012) . It is noteworthy that we failed to evidence in the 372 published database any full sequences of big defensin encoding genes (Zhang et al., 2012) . 373
The PAV phenomenon for big defensins or any other genes in C. gigas deserves to be fully 374 characterized by genetic mapping or through population-scale genome sequencing. 375 PAV is essentially known in human and particularly in plants in which this genetic 376 diversity is exploited in domestication programs. In human, PAV has been described for the 377
DEFA3 gene encoding human neutrophil AMP HNP-3 (Linzmeier and Ganz, 2005). 378
Interestingly, the occurrence of DEFA3 gene is variable depending on the human 379 geographical populations, and it has been suspected to be implicated with differences in 380 infectious disease susceptibility (Ballana et al., 2007) . In our study, no correlation has been 381 shown between the P-A prevalence of the big defensins and the intrinsic capacity of the 382 oysters to survive experimental Vibrio infections. However, one can expect that P-A genes 383 others than those genes encoding AMP could have substantial involvement on oyster fitness 384 and health in the context of multifactorial disease that currently affects this species 385
worldwide. 386
In plants, regions of the genome encompassing PAV have been shown to contain gene 387 clusters involved in disease resistance (Zhang et al., 2014) . Thus, it is assumed that PAV may 388 play important role in generating new pathogen resistances and they are now considered as 389 polymorphic markers for genetic studies and breeding (Wang et al., 2014; Zhang et al., 2014) . Zhang, S., Liu, B., Cheng, P., Jiang, X., Li, J., Fan, D., Wang, W., Fu, W., Wang, T., 505
Wang, B., Zhang, J., Peng, Z., Li, Y., Li, N., Wang, J., Chen, M., He, Y., Tan, F., Song, 506 X., Zheng, Q., Huang, R., Yang, H., Du, X., Chen, L., Yang, M., Gaffney, P.M., Wang, 507 S., Luo, L., She, Z., Ming, Y., Huang, W., Zhang, S., Huang, B., Zhang, Y., Qu, T., Ni, 508 P., Miao, G., Wang, J., Wang, Q., Steinberg, C.E.W., Wang, H., Li, N., Qian, L., Zhang, 509 Table 1 . Nucleotide sequence of primers. 
